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SPECIFICATION 



1. Title of the mvention: 

Ru concentration sensor and Ru detection system 

2. Patent Claims: 

1 . An Ru concentration sensor for detection of RUO4 concentration that has an 
oscillator provided with an organic membrane on the electrode surface. 

2. Ru concentration sensor of Claim 1, in which the organic membrane is made of a 
synthetic resin and the said synthetic resin is selected from polyolefins, polyvinyl resins or 
silicone resins. 

3. An Ru detection system in which an oscillator having an organic membrane 
provided on the electrode surface is used as an Ru concentration sensor and the RUO4 
concentration is detected based on the frequency change of the said sensor. 

4. An Ru detection system in which an oscillator having an organic membrane 
provided on the electrode surface is used as an Ru concentration sensor for detection of the 
RUO4 concentration and the weight change, due to the reduction of RUO4 and deposition as 
RUO2 , on the said organic membrane is observed as a resonance frequency change of the 
oscillator for detection of the RUO4 concentration. 

5. An Ru detection system having two Ru concentration sensors consisting of an 
oscillator having an organic membrane on the electrode surface, one placed in the environment 
to be measured and the other placed in the environment from which the RUO4 was removed, 
and the RUO4 concentration in the environment to be measured is measured based on the 
difference in frequency change between the two oscillators. 

6. An RUO4 concentration measuring device having an Ru concentration sensor using 
an oscillator with an organic membrane provided on the electrode surface, a frequency counter 
and a frequency change differential calculator. 
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7. Ru detection system for a system that detects the RuO^ concentration in an aqueous 
nitric acid solution or vapor tank at an atomic fiiel reprocessing plant, in which an oscillator 
with organic membrane provided on the electrode surface is used, and the weight change due 
to reduction of RuO, and deposition as RuO, is detected as resonance frequency change of the 
said oscillator for the detection of the RUO4 concentration. 

8. For an atomic fuel reprocessing plant for processing used atomic fiael by boiling a 
nitric acid solution in vacuum, an oscillator having an organic membrane, that detects the RuO^ 
in the vapor phase of the said nitric acid solution, provided on the electrode surface, is used, 
and which has a device that detects the RuO^ concentration based on the resonance frequency 
change. 

9. For an atomic fuel reprocessing plant having a waste liquid evaporator vessel that 
concentrates the waste liquid after separation of uranium and plutonium from the nitric acid 
solution, with the atomic fuel dissolved in it, a fuel dissolution tank for dissolution of the used 
atomic fuel in the nitric acid solution, an acid recovery evaporator vessel that evaporates the 
nitric acid solution separated from the said waste liquid evaporator vessel, an acid recovery 
refining tower that refines the nitric acid that is reused in this process, from the said nitric acid 
solution, and a waste liquid storage tank that stores high-level or low-level radioactive waste 
liquid; an atomic fuel processing plant in which an oscillator having an RuO^-sensing organic 
membrane provided on the electrode surface is used and which has a device that detects the 
RUO4 concentration from the change in resonance frequency, used in at least one of the said 
dissolution tank, waste liquid evaporator vessel, acid recovery evaporator vessel, recovery 
refining tower and waste liquid storage tank. 

10. For an atomic fuel reprocessing plant having a fuel dissolution tank for dissolution 
of used atomic fuel in a nitric acid solution, a waste liquid evaporator vessel that concentrates 
the waste liquid after separation of uranium and plutonium from the nitric acid solution in 
which the said atomic fuel is dissolved, an acid recovery evaporator vessel that evaporates the 
nitric acid solution separated from the said waste liquid evaporator vessel, an acid recovery 
refining tower that refines the said nitric acid solution into nitric acid for reuse, and a waste 
liquid storage tank that stores high- or low-level radioactive waste liquid; an atomic fuel 
reprocessing plant in which an oscillator having an RuO^ sensing organic membrane provided 
on the electrode surface is used, and which has a device that detects the RUO4 concentration 
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from the change in resonance frequency, used in at least one of the said dissolution tanks, 
waste liquid evaporator vessel, acid recovery evaporator vessel, acid recovery refining tower 
and waste liquid storage tank and which has a vacuum boiling device for the nitric acid 
solution, provided to at least one of the said waste liquid evaporator vessel and acid recovery 
refining tower. 

3. Detailed explanation of the invention 
Areas of industrial application 

This invention relates to an Ru concentration sensor and an Ru detection system using 
the said Ru concentration sensor, and especially an RUO4 detection/measuring system at an 
atomic fuel reprocessing plant. 

Conventional technology 

Conventionally, Analytical Chemistry, Vol. 33 (1961), pp. 886-888 discusses the 
analysis of RUO4 (Anal. Chem. Vol. 33 (1961), pp 886-888). 

According to the discussion, RUO4 in a specimen liquid, is solvent-extracted with 
carbon tetrachloride (CCI4), only RUO4 is separated, which is quantified by colorimetric 
analysis or induction plasma colorimetric analysis (ICP) in general. Analysis of RUO4 in the 
gas phase is difficult under such conditions, so that nitrogen (Nj) gas, etc., is blown into flie 
specimen gas as a carrier and CCI4 and RUO4 in the specimen gas are trapped in CCI4 and 
quantified by ICP, etc. 

However, RUO4 in the gas phase is removed in this method, so that the gas-liquid 
equilibrium of RUO4 in the system is disturbed and new transfer of RUO4 from the liquid phase 
to the gas phase could occur. As a result, the RUO4 measured in the gas phase may be larger 
than the actual value. 

Problem this invention intends to solve 

The said conventional technology needs a separation operation that extracts RUO4 once 
.into CCI4 from both liquid and gas phases and also needs setting of the separated RUO4 onto a 
device for colorimetric analysis or ICP analysis, so that the direct measurement of RUO4 of a 
certain system on site and in real time for quantification is not taken into consideration, i.e., it 
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is a batch method measurement, not a continuous measurement. Therefore, the RUO4 
concentration could not be measured continuously. 

Also, the method to extract the RUO4 with CCI4 cannot be applied at a temperature of 
80°C or higher because CCI4 decomposes [sic!] at approximately 80°C or higher. 

In addition, although ICP is more popular as a quantification after separation, the Ru 
concentration detected is 0.05 mg/L and even ICP fails to detect 0.05 mg/L or less Ru. 

For example, when the Ru compound in nuclear fission products, generated from used 
atomic fuel and present in nitric acid solution at the atomic fuel processing plant, is oxidized 
and is present as RUO4 in the said nitric acid solution or vapor, then the corrosion of stainless 
steel, i.e., the structural material, can be accelerated. So that detection of RUO4 concentration 
is an important issue for maintenance and management of the said reprocessing plant. 
However, with conventional technology, the RUO4 concentration in the actual environment 
cannot be measured in real time. Also, if the effect of RUO4 at an order of 10"^ ppm is taken 
into consideration, operational safety can be improved, but conventional technology has a 
detection sensitivity problem. This invention offers a concentration sensor and a detection 
system which detects the RUO4 concentration or site at a high sensitivity 10'^ ^"^ g) and it also 
offers a real time RUO4 concentration monitoring device. 

Means to solve the problem 

For the above objective, an oscillator, having an organic membrane on the electrode 
surface, especially a crystal oscillator, is used in this invention as the Ru concentration sensor 
for RUO4 concentration detection and the said Ru concentration sensor is used for detection of 
the RUO4 concentration as the invention's Ru detection system. Weight change, due to the 
reduction RUO4 and deposition as RUO2 by the organic membrane applied to the oscillator's 
electrode surface, is taken as the change in resonance frequency of the said crystal oscillator 
for detection of the RUO4 concentration. The RUO4 concentration measuring device used in the 
said Ru detection system is provided with an Ru concentration sensor that uses an oscillator 
having an organic membrane on the electrode surface, a frequency counter and a differential 
calculator unit for calculating the frequency change. 
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In addition, for the above objective for an atomic fuel reprocessing plant that processes 
used atomic fuel, the atomic fuel reprocessing plant of this invention has a device that detects 
the RUO4 concentration from the resonance frequency change by use of an oscillator having an 
organic membrane for sensing RUO4 in a liquid-gas phase on the electrode surface. 

Next, this invention is detailed below. 

In this invention, the principle that the resonance frequency change (Af) is proportional 
to the weight change (Am) of the electrode is used. This relationship is 

Af = Am (1) 
5pKf 

where, S: electrode area, p: crystal density, Kf: frequency constant, f: resonance frequency. 

Normally, gold or silver is used for the electrode and the organic membrane is coated 
on its surface. When the organic membrane is placed in an Ru04-containing environment, the 
RUO4 is reduced by the organic membrane and RuOj is generated and deposits. The 
concentration of this deposit is proportional to the RUO4 concentration. Therefore, the RUO4 
concentration can be obtained from the change of Af over time (differential value). 

Normally, a synthetic resin is used as the said organic membrane and especially 
poly olefin, such as polyethylene, etc., and a vinyl resin and silicone resin, such as polyvinyl 
chloride, etc., are preferred. 

Function 

Since RUO4 is a chemical substance with a very strong oxidizing power, it becomes 
reduced in the process of oxidation of the other reactant part and it attaches itself as stable 
RuOj, so that the weight of the electrode increases with the deposition and the resonance 
frequency of the crystal oscillator changes along with it. Since the frequency change is 
proportional to the weight change (Am), the RUO4 concentration and the amount of RUO2 
generated can be determined from the time change of Af . 
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Now, the frequency change can be measured by a frequency counter and the difference 
from the resonance frequency and the time change can be calculated by a differential calculator 
unit. This frequency change can be obtained with one crystal oscillator but can be measured 
more accurately by the use of two oscillators, as follows. That is, one oscillator is placed in 
the environment to be measured, that contains the RUO4 and the other oscillator is placed in an 
environment from which the RUO4 is removed by the organic membrane, etc. When the 
difference between two frequency changes is measured, the effect of a substance other than 
RUO4, for example, contamination due to the adsorption of moisture, etc., degradation of the 
organic membrane or electrode or the frequency change due to temperature change can be 
compensated and only the weight of deposited RuOj in the organic membrane due to reduction 
of RUO4 can be detected. 

In addition, computer data processing added to the RUO4 concentration detection system 
can detect not only the amount of RUO4 at an optional time, but it can also monitor the RUO4 
concentration for a set time, so that the degree of material damage due to RUO4 can be 
predicted as an effective corrosion prevention indicator. 

A crystal oscillator is preferable for the oscillator, but sometimes a piezoelement is 

used. 

Practical Examples 

Practical examples of this invention are explained below with the aid of figures, but the 
invention is not limited to these examples. 

Practical Example 1 

Figure 1 is a cross-section of an Ru concentration sensor. For example, crystal plate 1 
of the crystal oscillator 5 in Figure 1, of an AT cut [sic], 4.18 MHz resonance frequency, 1.67 
X 10^ cm Hz frequency constant is used and it is placed in an environment containing 
ruthenium tetroxide (RUO4) for the measurement of the frequency of crystal oscillator with 
frequency counter 7 of the frequency measuring device of Figure 2. 
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Crystal oscillator 5 is fixed on a spinner and the polyethylene solution is titrated on it 
with rotary cooling. Then it is dried to form a polyethylene film. When the crystal oscillator 
with polyethylene film is exposed in an RuO^-contaming environment, RUO4 is reduced on the 
polyethylene film and deposited as solid ruthenium dioxide (RuOj). The fi'equency of crystal 
oscillator 5 changes in proportion to the attached RuOj. The amount of RuOz is measured 
based on this frequency change. 

In the case of a crystal oscillator, a frequency change of 1 Hz corresponds to 
l.SxlOi'-^g/cmVHzRuO^. 

Since the molecular weight ratio RUO4/RUO2 = 165.07/133.7, the amount of obtained 
RuOj multiplied by 165.07/133.7 corresponds to the amount of RUO4, since the number of 
moles of the obtained RuOj and RUO4 are equal. The molar concentration of the amount of 
RUO2 displayed is equal to the molar concentration of RUO4. 

Conversion of the frequency change to the weight of the RuOj or RUO4 is carried out by 
computer B and the concentration is calculated from the capacitance of the system to be 
measured and of the crystal oscillator. The RUO4 concentration per a set time is displayed on 
the display and printed simultaneously by the printer. 

With this practical example, the RUO4 concentration is measured on-site in the actual 
environment without sampling of the specimen and the RUO4 concentration is monitored in real 
time. 

Practical Example 2; 

Figure 3 is an example in which two crystal oscillators are used. 

One oscillator is placed in the envkonment to be measured that contains RUO4 and the 
other is placed in a chamber that is covered by the organic membrane. Since the RUO4 is 
removed by the organic membrane, only RUO4 is removed from the chamber and the other 
environmental factors are the same as that of the outside. When the frequency changes of 
these two oscillators are measured simultaneously, the difference is solely the effect of RUO4. 
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Measuring this difference by a frequency counter shows the RUO4 concentration. Detection of 
the RUO4 concentration with higher accuracy is possible with this practical example than with 
one oscillator. 

Practical Examp le 3: 

As shown in Figure 4, for detection of RuO, in the liquid phase, organic membrane 3 is 
contacted with solution 18 of the system 15 to be measured, crystal oscillator 5 is fixed onto 
fixing plate 17 by an 0-ring and is attached closely by a little vacuum suction from behind. 
Crystal oscillator 5, in contact with the liquid surface, is oscillated by network analyzer 16 in 
consideration of the energy loss [sic]. Here, a highly corrosion-resistant material, such as Au 
or Pt is used for lead wire 4. RUO4 in the liquid phase can be detected by this practical 
example. 

Practical Examp le 4i 

Figure 5 shows the system that detects RUO4 in the liquid phase, similarly to Figure 3. 
Crystal oscillator 5, using Au or Pt for electrode 2 and lead wire 4, is directly immersed into 
solution 18 of the system 15 to be measured and is oscillated by network analyzer 16 for 
measurement of the weight of RuO^ in the solution by frequency counter 7. 

Practical Example 5; 

Figure 6 is a system block diagram of the atomic fuel reprocessing plant of this 
invention, and Figure 7 shows the various equipment. Used atomic fuel is processed through 
the processes shown in the block diagram. Used atomic fuel is put in a storage pond (not 
shown) for storage for a considerable time and it is processed after the radioactivity of the fiiel 
is attenuated. 

In the case of fuel for a light water furnace covered with stainless steel or zircalloy, the 
fiiel is cut into small pieces and only oxide fuel is dissolved in dissolution tank 19 and the 
covered tubes are removed as solid waste. The dissolution is carried out in boiling nitric acid. 
The fuel solution is sent to the co-evaporation process for separation of uranium and plutonium 
from the solution. This separation is detected by an organic catalyst, uranium and plutonium 
move to the organic phase and the nuclear fission product remains in the aqueous phase. This 
aqueous phase is sent to a high radioactivity waste-processing process. 



9 



Highly radioactive waste liquid, separated from uranium and plutonium is sent to waste 
liquid evaporator vessel 20 for concentration. The waste liquid is further removed from the 
nitric acid solution, separated from the said evaporator vessel 20, and it is sent to evaporation 
tower 21 for recovery of nitric acid. Then it is sent to acid-recovery purifying tower 22 where 
the nitric acid to be reused is purified and the recovered nitric acid is reused. Residual liquid 
from which a nitric acid solution is recovered is stored in a waste liquid storage tank for high- 
or low-level radioactive waste liquid. Numeral 23 is a high-level waste liquid storage tank. 
The said fuel dissolution tank 19, waste liquid evaporation vessel 20, acid recovery evaporator 
vessel 21, acid recovery evaporation tower 22 and waste liquid storage tank 23 contains Ru 
ions as nuclear fission product and corrosion is promoted on these devices so that the RUO4 
detection device is provided similarly to Practical Examples 1, 2, 3 and 4. 

The sensor shown in Figure 1 is used in the said RUO4 detector. All of these 
devices/equipment are made of austenitic stainless steel for containing the nitric acid solution, 
so that an RUO4 detecting sensor is provided in the nitric acid solution or nitric acid vapor. 

Such provision of an RUO4 detector in each device can predict the degree of corrosion 
of the device and the detector enables effective corrosion prevention. Since Ru, the nuclear 
fission product, is radioactive, its handling is an issue and sample collection for analysis 
requires a special device, but in this invention, no sample collection is necessary. 

Effect of the invention: 

This invention enables "on-site" accurate detection of RUO4 concentration. When this 
method is applied to an atomic fiiel reprocessing plant, the behavior of Ru is detected to 
improve the health of the said plant. Measures against material damage due to RUO4 can be 
implemented effectively too. 

This invention can measure RUO4 concentration, even in a system to be measured to 
which vacuum is applied, so that it is suitable for processing used atomic fuel by boiling the 
nitric acid solution in vacuum. This invention requires no collection of specimens, so that it is 
suitable for RUO4 concentration detection in a radioactive environment. 

Also, this invention enables more accurate "on-site" RUO4 concentration detection than 
the conventional and when it is applied to a fuel dissolution tank, waste liquid evaporator 
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vessel, waste liquid concentration vessel, waste liquid storage tank, nitric acid recovery 
evaporation vessel, nitric acid recovery/purification tower, etc., which could be in a more 
severe corrosive environment, the corrosion prevention can be effective and the corrosion 
problem is eliminated for safe and highly reliable operation of the plant. 

4. Brief explanation of the figures 

Figure 1 is a cross-section of the Ru concentration sensor of this invention. Figure 2 
an example circuit diagram of the measuring system; Figure 3 is an example of a measuring 
system that uses two crystal oscillators; Figure 4 is an example measuring system using two 
crystal oscillators; Figures 4 and 5 are an example system for the detection of RUO4 in the 
liquid phase; Figure 6 is a process chart of the used atomic fiiel reprocessing plant of this 
invention and Figure 7 is an outline of the various equipments of the reprocessing plant. 

1 - crystal plate 

2 - electrode 

3 - organic membrane 

4 - lead wire 

5 - crystal oscillator 

6 - oscillation circuit 

7 - frequency counter 

8 - computer 

9 - display 

10 - printer 

1 1 - organic membrane chamber 

12 - D/A converter 

13 - recorder 

14 - electrode 

15 - chamber to be measured 

16 - network analyzer 

17 - fixing plate 

18 - solution 

19 - solution tank 

20 - waste liquid evaporation vessel 

21 - acid recovery evaporation vessel 

22 - acid recovery/refining tower 

23 - high-level waste liquid storage tank 
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Figure 1 



Figure 2 
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Figure 5 
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Key to Figure 6: 



a - off-gas process 

b - used fuel storage 

c - shearing 

d - milling 

e - cleaning 

f - co-decontamination 

g - distribution 

h ~ refining 

i - U recovery 

j - high level solid waste storage 

k - high level waste liquid concentration 

1 - high level waste liquid storage 

m - acid recovery 

n - recycle 

0 - low level waste liquid storage 

p - PU refining 

q - PU recovery 

r - acid recovery 

s - low level waste liquid storage 
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Key to Figure 7: 



a - off-gas process 

b - co-decontamination separation process 

c - U/PU refining process 

d - acid recovery tower 

e - to waste treatment 

f - to reagent adjustment process 
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